The role of Haemophilus influenzae as the most important pathogenic bacterium in chronic bronchitis and bronchiectasis is now widely accepted. This organism is sensitive to a number of antibiotics, and-its temporary suppression in the respiratory tract usually presents no great difficulty. Unfortunately, however, infections caused by it show a strong tendency to relapse when chemotherapy is stopped, and for this reason antibiotics are often administered continuously for long periods, especially during the winter months, to patients who are particularly liable to infection. The antibiotic most commonly used for long-term chemotherapy is tetracycline, and many patients derive striking benefit from it. As a rule, however, this benefit lasts for little longer than the duration of the therapy, even if this is given for many months (May, 1958) .
A possible alternative to tetracycline appeared with the advent of ampicillin (alpha-amino benzyl penicillin, Penbritin). This is a derivative of 6-aminopenicillanic acid; it differs from other penicillins in that it is active against a wide range of Gram-negative bacteria in addition to the usual Gram-positive ones (Rolinson and Stevens, 1961) . H. influenzae was reported by Rolinson and Stevens and by Stewart, Coles, Nixon, and Holt (1961) to be slightly more sensitive to ampicillin than to penicillin G, and the former workers also indicated that ampicillin was more active than tetracycline against this organism. These observations, together with the demonstration of a powerful bactericidal activity of ampicillin against Bacterium coli and Staphylococcus aureus in a concentration only five to 10 times the bacteriostatic level (Rolinson and Stevens, 1961) , suggested that this antibiotic might be able to kill H. influenzae in the bronchial tree, rather than merely to inhibit it, as does tetracycline.
Several investigators have in fact reported encouraging results of trials of ampicillin in H. influenzae respiratory infections (Ayliffe and Pride, 1962; Grant, Douglas, and Murray, 1962; Lockey, Eaton, and Compston, 1962; Trafford, Maclaren, Lillicrap, Barnes, Houston, and Knox, 1962; Millard and Batten, 1963) , but none mentions the progress of the patients after therapy was stopped. This seems to us to be an important omission, since we believe that a new antibiotic can contribute significantly to progress in this field only if a relapse of infection does not occur rapidly after treatment. It is to this aspect, therefore, that we have given most attention in the investigation reported here.
MATERIAL AND METHODS
GENERAL PLAN OF INVESTIGATION An indication of the likely efficacy of different dosage schedules was obtained by measuring the concentration of ampicillin attained in the sputum after different doses, and comparing these with the sensitivity of H. influenzae to the antibiotic in vitro. Practical clinical tests were then carried out. These involved the following proceedures: (1) Initial examination of the patient's sputum; (2) administration of the appropriate dose of ampicillin for a fixed period (one or two weeks); and (3) observation of the patient after therapy in order to determine if and when relapse occurred.
Although regular enquiries were naturally made into the patient's subjective feelings, assessments of progress were made entirely objectively by examination of the sputum (see below).
PATIENTS Twenty-nine patients were studied, 20 men and 9 women. All were chronic bronchitics attending Brompton Hospital, and their ages ranged from 30 to 75 years. In no instance was there clinical evidence of gross bronchiectasis, but bronchography was not routinely carried out. All were in-patients throughout the period of administration of ampicillin and for varying times thereafter. H. influenzae was isolated from the sputum of each of them before treatment, except where specifically mentioned.
While patients were in hospital their sputa were examined every day except Saturday and Sunday. At each 'examination' the purulence and quantity of the sputum expectorated in the preceding 24 hours were 298 noted and cultures were made of the first three specimens produced in the morning.
Purulence was assessed by naked-eye inspection. Naturally these gradings were very approximate, but they provided a much more accurate and useful description of the sputum than does the term 'mucopurulent' without qualification.
In order to obviate observer error as far as possible, sputum samples were inspected by both authors before an agreed grading was noted.
The quantity of sputum expectorated was measured by weighing it and was expressed in grams. This is the standard method of assessment of sputum output used at the Brompton Hospital.
Cultures of sputum were made on blood agar after preliminary homogenization with pancreatin (Rawlins, 1953 May (1955) for estimating penicillin concentration in the sputum.
(1) Specimens of sputum were obtained immediately before and at set times after the administration of ampicillin.
(2) Each specimen was liquefied by the addition of a measured volume (approximately equal to the volume of sputum) of 1 % pancreatin solution and 2A incubation at 370 C. for about one hour. The total volume of the liquefied sputum was measured, and, knowing the volume of pancreatin used, the original volume of the sputum and its dilution were calculated. Further dilution with physiological saline, in order to adjust the ampicillin concentration to a convenient level for estimation, was sometimes made in the light of previous experience of the concentrations likely to be found.
(3) The concentration of ampicillin in the diluted liquefied sputum was determined by the cylinder-plate method using a highly sensitive strain of Sarcina lutea (W.H.O. strain PCI/1001) as the test organism.
Duplicate samples of each sputum, together with control solutions of ampicillin, 0-1, 0 05, and 0-025 yg./ml., were tested on each plate. For each batch of tests a curve was plotted of the means of the diameters of the inhibition zones produced by all the control solutions of each strength. The concentration of ampicillin in each sputum specimen was determined by reference to this curve of the mean of the diameters of the inhibition zones of the two samples. The result so obtained was multiplied by the dilution of the sputum.
ESTIMATION OF THE SENSITIVITY OF H. influenzae TO ANTIBIOTICS The minimal inhibitory concentrations
of antibiotics for H. influenzae were estimated by titration on agar containing haemin and yeast extract (X and V growth factors for H. influenzae) in petri dishes. Suspensions of the organism were 'spotted' on to a series of six plates containing 5, 2-5, 1-25, 0-6, 0 3, and 015 pg./ml. respectively of the test antibiotic, and also on a control plate containing no antibiotic. During the present investigation ampicillin was the only antibiotic to which sensitivity was tested; the figures quoted for sensitivity to penicillin G and tetracycline were obtained by the same technique used for routine purposes during the last three years.
The bactericidal activity of ampicillin was estimated as follows. A series of solutions, 5, 2-5, 1-25, 0-6, 0-3, and 0-15 pg./ml., was prepared in 0-5 ml. quantities of nutrient broth containing X and V factors, and each was inoculated with a drop from a suspension of the test strain of H. influenzae; the final inoculum was approximately 50 x 10' organisms/ml. After overnight incubation at 37°C. the minimal inhibitory concentration was noted and subcultures were made from each tube in order to determine the presence or absence of viable organisms. The minimal bactericidal concentration was recorded as the lowest concentration from which no living organisms could be isolated. Table I shows the minimal inhibitory concentrations of ampicillin for 36 strains of H. influenzae in vitro. For comparison are shown the sensitivities of 174 strains to penicillin G and 161 strains to tetracycline. The greater activity of (100) 36 (100) 14 (66) 9 (25) 150 (86) 71 (41) 15 (9) 4 (2) 81 (50) 24 (15) 6 (4) 2 (1) . (May, 1955) . On this assessed with caution, however, since many of the patients were also carrying out postural drainage, which may also have influenced the volume of sputum.
RESULTS

RELAPSES OF INFECTION AFTER AMPICILLIN THERAPY
Tables III and IV also show the lengths of time after the end of ampicillin administration during which the patients' sputa remained free from pus and H. influenzae. With the exception of patient 7, 18 days was the longest period of freedom from pus. Reappearance of H. influenzae usually occurred much more quickly. In no instance was the strain isolated during the relapse found to be more resistant to ampicillin than that isolated before treatment. Patient 7, a woman aged 37 years, was exceptional. She suffered from severe asthma and bronchitis of many years' duration and persistently expectorated thick purulent sputum which was uninfluenced by tetracycline. During a week's treatment with ampicillin there was a dramatic disappearance of the pus, followed by cessation of all expectoration for six months. No other factor could be held to account for this response, which seemed to be associated with a true bactericidal effect of ampicillin against the infecting organism. In this connexion it is perhaps worth noting that the ampicillin concentration in this patient's sputum was around 0.2 ,ug. /ml. (Table II) , whereas the sensitivity (bacteriostatic) of her strain of H. influenzae was 0.1 ,ug./ml. The bactericidal concentration of ampicillin for this strain is not known.
As stated earlier, a correlation of ampicillin levels in the sputum with the sensitivity of H. influenzae in vitro suggested that doses of ampicillin of 2 g. or less daily were unlikely to cause responses substantially different from those obtainable with tetracycline; and this prediction proved to be correct. However, whereas the bactericidal concentration of tetracycline is too high to be attainable in the sputum with any practical dosage system, that of ampicillin is low enough to be theoretically within grasp. Unfortunately, ampicillin is an expensive drug, and the excessive cost of a regime involving a high dosage would need to be offset by making the course a short one. Further, it would be desirable that repetition of the course should not be required for several weeks at least. Bearing these points in mind, a regime of 1 g. ampicillin sixhourly for one week was investigated.
Six patients have so far been treated in this way. Each had persistently purulent sputum andnormally relied upon continuous antibiotictherapy to control the infection during the winter. H. influenzae was isolated from the sputum of four of them before treatment. Cultures from the fifth were persistently overgrown by Proteus, while no pathogens could be found in the sixth, a man who had taken tetracycline for a long period immediately preceding the ampicillin treatment. The week's course of ampicillin was given in each instance between the beginning of November 1962 and the middle of January 1963. Pus was cleared from the sputum in every case, as was H. influenzae from those patients in whom it had been found. The quantity of sputum expectorated was also convincingly reduced. No side effects were noted.
The experience of the patients with regard to relapses was as follows. One remained free from infection for 12 weeks; he was then readmitted to hospital with a pulmonary embolism and given prophylactic tetracycline although his sputum remained mucoid. Another remained free from infection for four months, when an acute exacerbation of bronchitis supervened; and two others were still free when last seen three and two months respectively after treatment. The follow-up history of the fifth patient was rather difficult to assess, since on three occasions within the two months after treatment he was given antibiotics (tetracycline once, ampicillin twice) by his doctor for 'colds'. Careful inquiry suggested that on no occasion did pus reappear in the sputum, but it is possible that it might have done so if antibiotics had been withheld. When last seen five months after treatment, this patient's sputum was still mucoid and he emphatically claimed that he had had 'the best winter for years'.
The sixth patient unfortunately developed pneumococcal pneumonia only seven days after his course of ampicillin, and H. influenzae was isolated from his sputum at the same time. The pneumococcus causing this infection must have been of exogenous origin, and it is possible that the haemophilus was acquired at the same time. At any rate the sputum again became frankly purulent shortly after the pneumonia had been cured by penicillin G, but whether this represented a true relapse of the original infection or an exogenous re-infection cannot be determined.
In only one patient was the estimation of ampicillin levels in the sputum possible; concentrations of 0.22 and 0.08 ,ug. /ml. were found in the two samples examined. These levels are lower than expected, but they provide insufficient evidence upon which to base reliable conclusions. Further investigations are clearly required and plans for a more detailed study are in hand.
DISCUSSION
The main therapeutic problem posed by chronic infections of the respiratory tract is the prevention of relapse when treatment is stopped. The advent of ampicillin brought the hope that this difficulty might be overcome, but the experience reported in this paper indicates that, in doses of the same order as those used for other antibiotics, this hope has not been realized. Our experience concerning the control of infection while the antibiotic is being administered is in accord with that of other investigators (Grant et al., 1962; Lockey et al., 1962; Millard and Batten, 1963) , namely, that ampicillin, when given in doses of the order of 1 to 2 g. daily, exerts approximately the same therapeutic effect as tetracycline. The possibility, however, that ampicillin may be effective in individual patients whose infections are uninfluenced by tetracycline, as we have frequently observed, gives this antibiotic a useful place in the treatment of these conditions. Further, we have formed the impression that response to ampicillin is often quicker than to tetracycline, and it is possible that, if the cost could be reduced, ampicillin might become the antibiotic of first choice.
The findings in the small preliminary investigation of a daily dose of 4 g. are encouraging and indicate that a more extensive trial would be useful. Trafford et al. (1962) apparently used doses of this order with successful immediate results but insufficient detail is given in their report to assess the effect upon relapses of infection. In at least five of our six patients it seems that H. influenzae was truly eradicated by a week's treatment with this dosage in contrast to the proportion of only one out of 16 patients treated with 1-or 2 g. daily. With tetracycline therapy such a result is even rarer in the type of patient taking part in this investigation, and it is probable therefore that ampicillin, if used in doses substantially higher than those now regarded as 'standard', would prove to be the more useful antibiotic.
The practicability of using ampicillin in th;s manner depends upon two inter-related factors: cost and duration of freedom from infection, i.e., the time lapse until another course of treatment is required. The more expensive the course, the longer the time lapse necessary if the over-all cost per annum is to compare favourably with that of continuous tetracycline. At the present time the cost of tetracycline, 1 g. daily (the average maintenance dose for a chronic bronchitic), is approximately £2 12s. per week, whereas a week's treatment with ampicillin, 4 g. daily, costs about £12 10s. However, if this course of ampicillin were not to be repeated for say three months, the cost would be relatively small in comparison with that of continuous tetracycline for the same period (approximately £34). Three months' freedom from infection is an arbitrary length of time based on the observations reported in this paper. The actual period in any given patient depends upon the rapidity with which he acquires a new strain of H. influenzae from his contacts. This cannot be controlled, but even if repetition of the ampicillin course were required as frequently as every five weeks, its cost would still be no greater than that of continuous tetracycline therapy. In practice it is unlikely that the necessity for such frequent repetition would often arise.
It seems probable therefore that on economic as well as therapeutic grounds one-week courses of ampicillin, 4 g. daily, would be acceptable, provided that the encouraging results reported here were confirmed in a larger trial. The cost of tetracycline mentioned above refers to patients treated by general practitioners. In hospitals it is considerably less, but because of the customary restriction of information about *the price of substances supplied under government contract, the exact cost cannot be made public. However, repetition of courses of ampicillin, 4 g. daily, would have to be at intervals greatly in excess of the five weeks mentioned here for this method of treatment to compete economically with continuous tetracycline therapy in hospital.
SUMMARY
The sensitivity of H. influenzae to ampicillin in vitro has been compared with the concentration of the antibiotic attainable in the sputum. The result suggested that clinical responses to doses up to 2 g. daily are unlikely to differ significantly from those obtainable with tetracycline. This prediction has been confirmed by clinical observation.
A small preliminary investigation indicated that a dose of 1 g. six-hourly for one week may cause complete eradication of H. influenzae from the sputum, with many subsequent weeks of freedom from infection. Such a response to other antibiotics is, in our experience, extremely rare in patients of the type taking part in this trial.
